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fefore this var, scientists at WRI, were asking the
cusgstion "Is il mov pcss.‘.bla, hy methods akin to those of tele-
vislion, to sesn & aupsrsonic £iold in syuchronism with the sean-
ning of & cathude-ray tubs, and ve presant on the cathode-ray
tube a pleture of She contents of L supersonie fieldi® The
answer is "¥es" 2. the cxbodyren’ of the method is the Sector
Sean Indicater (S31).
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I. FORM OF PRESENTATION AND FUWDALENTAL THEORY

A, Form of Presenteticn

i, the Sector Sean Indieater (SSI) is a device for present-
ing, on ths soreen of & cathode-ray tube, a ploture of the re-
flecting objects in the [ield of a supersonic projector., Such
obJeots are displayed as a series of short, bright, horizmtal-
line segmente, with vertical deflection from the bottom propor-
tiomal bo rengs, and with horizontel deflection from & vertiecal
center line proportiomnl %o angular deviatlon from the axis of
the sound beam, '

2. Figure l-e remessats the display of an echo at throee
fourths maximum renge and at 22 %o tho right of the projector
axis, The extent in mnge corresponds %o echo-length.

e 7
E i s
! ’ -
§
i
t
!
t
= 1
Figure l-o Figure 1-b
B S5 may be usad as vwell Iov c¢hbserving propeller nolss.

Since prop nolse is continuaeus, the bright lins segments recur
from ths hottom of the sersan %o the top as in FPigure leb. The
indieeticn shows bearing rate es well 2s instantensous bearing,
The time reguired for the vortieel sweep in Figure l=b is four
secords and the bsaring ohrnge is 49, This is a bearing rate of

1 degree psr szeond rerrssanted by the traversel of one horizontal
sprce during the wveritical wueop Sime. A slowor vertical swesp
peraits reading lower bearing ratos more eccurately. One space
during 2 vertlenl swsep ray be ade to represent -é-c’/see.. or

+° /bso. '
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4. The use of tho Sscior Sean Indicator in a vertiocal

plane is also fearible. The cathede-rey=tube display 1s rotated
through 0% so thet venge is ahowan horizoantally and depression
above or bolow the beam vertiocnlly. Figure 2 showa & sigual
arriving from 22 lelow the axiz of ‘he beam, &1 indication that
the projector should be Utilted dowme.rd 29 in order to center
the lmaga. It wi:l bo epprrent dnt & tiltable projector is
necessary in order to utilize S$SI inm this form %o 1ts fullest
advantags,

Bigvra 8

5. The discicndion hotuwsan different rgets £t differont
rangss i 11lustot bod by the repwolustion of actnnl phologmpha

s
of S8T displays i1 Pigzs 5,

FIG. 3a FlG. 3b
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At 3-a, schoes from & briuge ave displayed, thres brightened
spots representing echoes from three different piers. The ine
dioation in the foreground is reverberation. At 3-b, there are
displayed three ships, an airceal# carrier, & haavy oruizer, and
e light oruiser, lying at ancher in Hampbon Roads. The distinet=
neas of each eche is wor%h noting. The angular separetion is’
shown very defianitely.

B. Fundamontal Theory

6. SSI rogquirss the uss of a projector srlit electirieally
along the veriical diamstor {or split along the horizonial
diameter for wse in & verslenl plans). When a noiss or echo

is dirscted alcng the boan axls,of the projectior, the two mlives
of the projector should respond alike. I1f, howsver, the sigral
is disylacad to tks yight of the beam axis, it reaches the right
half of the moizebor teforas it romches tne lefv half, glving
rise to e phase lead in he right-«half respcnse shead of the
loft-half response. 3SI uses this phase differencs in ths two
halves of the projector o preducs en indication of the devia-
tion of the source or rsflsctor to the right or to the lefd of
the beam axis. ’

3
]

e Ir. the S37 digplay on the sereon of & cathede~rsy Lube,
Lhe sermzn s seanned rapidly from left Go right in a suecession
£ horidsontal lines, ahil nore slewly fronm bottom ta top in such
o meaner that tho 6o seosive horizontal linos are displeced up-
vard, forming » completn recimngular frams. In this rectanpguler
iodis

4"3

L-A <

frame, vairtieon. T."m'a.nf- nh of a trightomd spot gorresponia ¢o
tne raago of a W ng;at froa vhich an ache iz reseived. This cor-
resporgeries iz rohlzved by sturting the sean et the bottom of
ths sersen 2t the instsat = clgoel is roonsmitted, by mz:ing the
vertical swesop llnesr, and by nsiag the ccho to brishten” the
spot on the scrucr at the Siue of 1Us racapulion, Tnus, since
displacenont frowm e bouhs of the seresn and the range of the
reflgnta*- o ooljoet gre both nropertioral to the time beiwsen i:‘na
transmive Lo :.f.‘ % s*‘;;ml SRl “’-'J rrespiicn of an eche, thoy 2
proportional 4o aacl: ohher.

i

?

[H

8. nordoontn) digrlacer=nt from ths cenber represents engular
digplacument of the refizcti:y objosy frow the beam axils of the
projestor. YWhile a capicte dosorivtion of the nathod of pro-

- - L1 - -n -n - - - - - - um - - - - - - - Lad -

*In this repory the term spot brighﬁ:nm* and liks phresss ™o Lrighten
the spot® reflor to the L,I‘u(’ ceticn of e Lrizht spot or & succwmesion of
bright line seaguents on & comnletsly dark background. The paraseology
Ims historiczl siznificance and is converdcai.
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ducing proportiomal horitontel deflection is relegated te Appen-
dix A of this repoit, & general idex of this method may be obe-
tained from the Lol lowing description: Tho signals piocked up on
the two helves of ¢ split projector (desoribed in paragraph 8)
are fed into sapare te amplifying chamneis. In these ohannels the
. phase of one of the sigmels is continuously edvanced relative to
that of the other, 360° in emch horizontal sweep across the ow-r
tute. Tlere resuls instants of phase coincidence once each sweep,
which ococur at positions in the swsep depesnding upon the original
relative phage cf 4he imcoming signals, and which are made to
produce spot brighuening on the scresn of the cathode-ray tube.

94 831 thue fai hmg bsen fissd-tuned to cne of <throe sslect-
able frequenciss. The problsms invelvsd in proiusing tuning
throughout & wido land considerably enczuad in difficulty the

eame problems in & rzeeivor-amplifior. lowaver,; they appesr not
%o be Insurmountable and 8 discussion of mothods is given in Ap-
perdix A, '

SECRET
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11, USES OF &SI IN A/S VIARFARE

A, Uses with Searchligi:t Projsctor

10. In the attack, there is probably no other type of beam

so effective as the treainable ard tiltable searchlight beam in
mintaining contact with the target and in playing & part in
providing informmtion concerning the location of the target for

- transmission to other relatéd equipment. The use of one SSI to
indicats azimatlal cenboring to the "train" operator and of another
881 to indicate deprossion centering to the "4ilt" operator, en-
a\bles these Ywo opsrators to work indepsmdently so long as each
performs his furction properly. Tests described in Appendix II
have demonstrated thot a team composed of two opsrators oan min-
2in contaet with the target in spite of whatever raneuvers it
nay exscute.

1. The conseles for two operators mmmy be very simple, as
illustrated in Fipure 4, wlere the two consoles are shorm side

GAIN

Le
.Sy
s
TRAIN

PEPRESSION

P

¥lpure

by side. The "iredin" oporatier sits befors the console shown at
the 2oft. The indientor dial shers him the bearing deviation of
any targst which is pioked up, the Lingeretip train control en-
ables him to kesp tle iimzms sentersd n the cathode-ray tube,
whils the galin conirel sorbles him o adjust the S8I sin for
optimym eowrhrast in tho imzze, Iz is assicted in identifying
echoee by the usval avdibls regrodveticn. Tus controls of the
receiver amsiifier chould e within kis reach elthough adjusted
preferatly by thre cperator of the rangs rocorder when the latter
is a % his station. At tines cozching of a tyain operavor ty the
recorGéer op2ratir and vice verca may prove helpful.

SECRET




12. The tilt operator takes his station only after a oontact
has been established. A% the start of tho attack no tilt should
be required but as the reange is closed, and particularly in run-
ning Just ahead of or over tho target, the projector will have to
be tilted to mintair contact. The tilt operator functions only
in cantrolling the tilt and in adjusting the gain of the tilt SS8I
for optimum contrast in the image. _

13.  The informaticn obtained by the train operator includes the
nspect of the target, while the tilt operator should be able to
determine the depth of the target suff'iciently soon in the attack.
These problems are so important that sections II-D and II-F are
devoted entirely to them.

14. The ultimte design (if there is any ultimmte) of somr
squipment for the attack must include an sttack director. The
logical culmimtion cf develoment is a combinmation of an attaock
director and SSI clossly interdependent. The SSI, for its mrt,
mey be an important factor in obtmining precise preliminary infor-
mtion for feeding the attack director. This information my in-
clude target bearing, target bearing rate, range, range rate,

tarpet aspect, and target depth. Subsequently, after the problem
hns been autoraticanlly set up in the attack director from sonar
information fed to it, the attack director may feed into the proe
Jector incremental bearing and depression, ns derived {rom a
problem generator, thereby taking over ancd carrying out automatically
the training and tilting of the projector. <The train coperator my
then use any further irdication of bearing deviation to correct thse
training of the projestor, thereby correcting the problem setup
autom: tlcae 11y, while the tilt operator may use the indication of
depression deviation Lo correct the projector depression and theredy
the problem setup.

15, Obte ining rang? and range rate with 3SI involves the use of
a range gate controllad inerementelly by the range penerstor of
the atiack director. Ihis grte permits & relatively short extent
of normal range, say “rom 600 yards to 1000 yards, to be seleoted
and expanded to £ill the whole screen (see Figure 5). 1If the
generated range is correct, its control of the ate keeps the tar~
get vertically centered on the screen, If the echo starts to
drift off center vertically, the operator supsrimposes & correc-
tion in the generated range, which in turn tends to correct the

SECRET
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12.00 ~r=t=TT 1900
1000
BXTENT | MRANGF
- SELECTED FOR
EAPANS\ON =
T
o 400
Figurs b-a " Figurs b=b

Normal Range Scan - Expanded Range Scan

generated range rate. Figure 5-2 shows the display obitmined
from an echo received from a target at about 800 yards range,
the whols display covering from zerc to 1200 yards range. A‘.
cortain section of this renpge from 620 yards to 1000 yards,

as indlecated by the rectangle supsrimposed over the display is
to be selected by the rangs gate end expanded %o £ill the whole
sereon as shown in Figurs 5-b where 800 yards is the manpe at
the bottom of the screcn, 1000 yards is the range &t the top, and
the range of 800 yards which is the gonerated renge comes on
center. In this casc the center ol the echo is slightly above
center indice ting that the genorated range is %oo short. There-
fore the opermtor should insert an adjustment whieh brings the
spot to center (so tint the scale now represents 625 yards %o
/625 yards and the center line §&5 yards) by dirsctly correcting
the pensrated range. Purther discussion of this typs of display
will be given in Section D under Aspect Indicatlon.

B. Use with Sword

16. The Sword is ¢ projector which preduces 2 fan-shaped beam,
bread in ezimuth, buv extremsly sherp in depression angle. The
azimuth beam width elimimtes ths necessity for training the
Sword, and tilting only is recuired. The slrrmess of the angle
in the vertical plane permits determination of the depression
with extreme acouracy. In this determimation SSI my play an
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important role. In genergl the deflection sernsitivity of SSI is
inversely proportiomel to the bsam width in the plane to which it
is applied, When used with the Sword, full scale deflection should
represent about two degrees and the deflection sensitivity near
center my be further enhanced, if deaired, by the method of phase
difference expansion described in II-G. Thus, if stabilizing gear
of sufficient accuracy is available, and if the direction from
which sechoss return is not subject te {luctuations which introduce
compmratively large errors, great acoursoy is to be antilcipated
with this combination. A fastor which adversely affects the opera~
tion of §SI is the prosence of echoes reiturning by paths other
than direct. Such extranecus yaths are most likely to be provided
“#n & plane vertical with the direct mth. ZTherefore, if the recep-
tion angle in this plane oan be kept narrow the undesired inter-
ference is more likely to ve eliminated.

17. An additiornl projector must be used with the Sword in
order to pernit the determimstion of agimuth, Such a projector
could be, for exzmple, another Svord rotatel through 90° to give
a fan-gshaped beam narrow in azimuth. Another coubimation which
hae favorable possibiltities is the use of the Sword with QH Scan-
ning Somar. In elther combtimtion, the SSI affords & sensitive
indice tion of bearing deviation.

Ce Use with QH Seanning Somr 7

18, The OH mear gives a preseniation on a cathode-ray tube

which is a plan position indicatlon, "PPI". While this type of
presentation has the ndventrze of covering all directions simul-
taneously, there is lang detail than is pgiven by the §SI, which covers
only 2 smll sector. Tho QH indicates & target as occupying a

whole beam width, which so far has been about 15° or greater. SSI
gives an indleation occupying not over 2° of beam width unless the
tArget subtends & largcr angle. Yhen obtaining an indication of =
target at shart range with QH, the anjular sensitivity is poor be=-
cause the radial distance from the center is s:mll; consequently
anguler displacement dees not produce much lineayr displacement. The
normel type of preseniation of SSI gives as good angular sensitivity
at short range as at long. Fimelly, the SSI registers 400 times

per second during the reception of an echo, whereas the QH registers
only 30 tinmes per second. While tha QH is giving one line the SSI
pives 13. Conseauently %the $31 is intrinsically better able to indi-
oate aspsot as discussed in Segetion 1I-D, undey "Aspeect Indication",
The advantages of SSI over QH in accurecy and detail are enumesrated in
order to ‘justify the use of ths former with the latter, each supple~-
menting the other. In eearch, a QH would be expeoted to be the more
effective. In attack, the SSI should give more inforration and greater
eocowracy, and it should function better with an atiack director,
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19. The QH gear is normlly provided with a listening channsl
directed in agimuth to cover a desired sector, eand this listening
oharmel is of preat assisiance in identifying suspected echoes be-
causs echo quality becomes observable in it. Tho 851 my be

directed into the same sector and trained in the same manner as the
receiver channel, Thus whenever an indication on the QH is suspected
of being an echo, corrcboravicn may he ocbtainable by directing the
receiving chaunel and the §SI into the sector from which the sus-
pected echo arrives. If &n attack f'ollows, the SSI may prove of
primry importancs.

D. Aspact Indicaiion

20, Since SSI is a proportioml deflection device, & succession
of achoes from different directions and ranges register indepen-
dently and in their correct angular positicns and ranges provided
that the outgoing sigmal is short enough sc that the successive
echoss do not suffer much overizp. For exampls, in Figure 6-a, a
sound beam is shown inrsletion to & shore line. The smded portion

i
™.

Figure 6-8 Figure 6-b
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of the beam represents the extension in range of a sigml 10
milliseconds long. Ihis pulse is travelling towerd the shore-
line’and will shortly reach that portion of the shoreline ai the
right of the bsam. ¥hatever reflection is obtrined from this
portion of the shoreline will be the first reflection to be re-
ceived and will regisser on the SSI display &t the extreme right
of the soreen., Thereifter refloctions will be received f{rom
different engular positions progressing €o the left and in every
case the correct angular position will be shown in the SSI display.
Consequently a display similar to Figure 8-b will be obiined.
‘This type of display my be termed aspoct inmdication.

21. Another renifestantion of aspect indleatlion cccurs in echoes
from vakes. Figure 74 is a reproduction of a photograpn ¢f an
SSI display in the va:e of a surfmce vsssel, The scattsred lins

FiG., 7a FiG. 7b

segments 2t the bottos of the Figure are reveriverations. (The
direction from whiech shese aya rsceived is, of course, indicated.)
A short distance abocv: the reverberatione the wake echo may be

sgen extonding from 1:.£t %o right as the renge increases. This
clearly shows that tho neerest approach of the track of the ship
which jroduced the vale is at the left of the ssroen. At the top
of the display is shu'n propellsr noise recnlved from the ship
whieh oroduced %he wa:2., This prop noise chows in the display only
at long range, becaus: the operation of tlms varieble gain reduces
the receiving sensitivity +to 2ll signals a< the instant of transg-
mission and gredually restores this sensitivity, thereby permitting
response to relatively s¥rong wnlke echoes at short range while the
sensitivity is still .00 low to respend oo prop noise, but also
percoitting res:onse 4o prop noise al & later tiue when preatier sen-
sitivity has been res.ored. The presence of orep noise at a parti-
cular angle identifie- the angular position of the ship. It my
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be deduced from this pnotosraph that the ship is moving toward
the right, and that t:» renpe is opening, Figure 7-b is a photo=-
graph of another wake left by & ship progressing from right to
left and opening its range,

22. More recently ihe same sort of aspect indication has been
cbteined from a submerpged suuvmrine under conditions where no
wake echo was received. Figure 8 iilusirates achoes from an
elonga ted submerged t:rgot. In 8-a, the nearer portion of the

Figuwre B8~ Figvre G-b Flguro Bec Figure 8ed

wrget is toward the leoft. Tu 3-b, all parts of the target ars
at the sams renge. I U«g, ihe nearer part of the iarget is
toward thes right, and in 8=-d, the succcesive echees all coms
from the same direciliwm, which fact clearly indicates that the
axls of the target is 2long the sound beta. Some idea of the
gsopa of S8 in indicr wing a’epoct may be garined from Figures

8, 7, and £, Logiz2l srteousion of this applicstion will be von-
sidorcd,

g5, in order for Wz tmrget to 5e shomm in wve aspect, which
can roedily be mensure 3, it is essentinl that ThHe vertical end

horizonial cealss of ¢lslareo be the sews, The meaning of this
sttenent s mds cloer by an exuimatlion of Fiocwrs 3, At 9-a,
there is choyn o somd beoen with 2 arget in it. 7The extension
in rauge of tais targmt is peprssented byQE. IiVwe extension in
width is represented iyAW. 1% is essential irat the sams pro-
portione bte obteined un thoe serzen of the eathodo-ray tube as

exiet in the sowud field. Fer the rorml S£1 zcan the require-
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Figure 9a figure o«b

ment is Mulfillisa i7 btke widiy of the scan is to the distonce of
the imepe from Shs totitom of the preseatation ns the width of the
sound beam at the rintse R is Yo that ranre. Referring to Pigure
G=a and 9=b, this mithemticel relatioasnip is

@

.- o

o (1)

==

This relationehip i: resdily satisfied by adjusting the vertieal
end horizontpl geint. wcean bz fixad ones srd for all. Ths rate
of swesping vertically can be adjusted by a control knob uniil the
~imge sopsat a dizmnee & froa the vobtem of the sereen, as
indicabed by & rcference warlk, bteereby cavisfyirng equcion (1).

4. Assuning thah the conditiocn of mragraph 23 has been satis-
fied, and that tie trus agyect appears on the scresn, a means for
LtransmitSing Thi: inTormmbicr: is illustre.ed in Figure 10, Here
agaa:, vhe mressnt@lion is slovme In additior, the cngle tetween
the rojector tearing and the ccurae of the subrarine is indieca tod
by the symbol "A". A tiznslucent diz) on which are engraved a
nuaver of mrallel vertieal lines 1is placed ovoer the display. This
my be rotated by ranc of & lmob to the josition illusiraved, in
which the lines are puellel Lo the direcuion of the trace. This
rowation 1s the mngie which =uch ba added te the direction in which
the projector is iruined to give tho course of the target. The
operation of &daiti-n ;Ay Le sccomplishiod autousrsically by having

a differential synchro venoratlor geared to the cursor in one-to-one
ratio, and by feelding inio it clcetrically the true vearing of the
projector. Ils out.ut of arzet course cun ve iransmitled to in-
dicators anywnere in tha ship, In crder 4o trensmit this informa-
tion correctly the sound overator aust :pintadin two ad justueuts,
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Figure 10

namely vertical cwsep rate for positioning the image vertically, for
which ad justwent the second kmob in Figure 10 is provided, and cursor
rotation for ali;nment with the imgs.

ad. The indication when msasuring espect by the method described
in tho preceding raragraphs suffers from the fét that the width of
the scan has %o be cut down to very smell propertions relative to the
length, This difficulty iay be overcome by deploting on the screen
only a relatively short extension in range starting at, say 200 yards
less range than the tWwrget and ending 200 yards beysnd the target.
The type of sweei whioh is required, then, is a sweep which starts at
some timo after "he sigml is sent out. The displacement of the spot
vertically vlotird agalinst range is shown in Pigure 11. With this
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type of sweep the relation wiich has to be satisfied is

1:R-Ry, (2)
w Re

in whioch 1 and w are respsotively the vertical and horizontal
-dimensions of the SSI frame, @ is the engular width of the sownd
beam which is scanned by SSI, R is the range which is to be centsred
in the imnge, Ry and Ry, are the renges corresponding to the bottom

and top of the ingge. In order that this relationship be satisge
fied for all ranges with 1 and w fixed, it is necessary that Rp~Rj

R
be oonstant. Thet is, the extent of range must be proportional to
range, or the rate of sweeping veritically f rom the bottom to the
top of the soreen of the cathode~ray tube must be inversely propore
tioral to range. Consequently, the electronic means provided for
producsing this sweep must increase the spoed of sweep at shorter
ranges a8 shown ‘a Figure 1l by the dotted line f'or shorter range.

26. It has previously been mentioneé (paragraph 15) that a dis-
rlay somewhat like the one just described msy receive its position-
ing in range from an atiw.ck director, except for adjustments to be
added by the sound operator, which adjustments automatically correct
the gonerated range rate. The two functions may be comblied and the
same display which serves for correcting rangs rate may be used to
show aspect. ¥Woue in Figure b, mge 11, how the syreading out of
the vertlcal scalsn brings cut the true aspect of the target.

«7. = The true wsector scan dsserves mentioning under the heading
of aspect indication. A itrus cector scan is one which is shaped
like the sound field and repreconta all objects in the field in
their correct relnvive positions. This type of display {hsrefore
shows true aspsct., It is & crowied typs of display for ranges far
short of the maximum ranpe depictod, and for this reason is not
so well adapted %o uses such as fire control where a high degree
of accuracy is required., Howsver, it does have possibilities,
mrticularly in navigation. In the secvion on mavigation this
method of display will be given further attention.

E. Uss with ASAP

28, The AntiSubmarine Attack Plotter (ASAP) is a deviee which
shows a true navigatiomsl plet of the courses of cwn ship and
target on the samne cathode-ray tube. A spot is rade to traverse
e ocourse representative of ovn ship's courss. At each ping this
spot is brightened and then sweeps out radially from own ship's
position in the direction in which the projector is pointed, being
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brightened again vien an scho is rcceived to indicate +the position
of the target in the mevigniioml plot. LThe persistence of the
soroen is mde so long that o nuuber of registrations remain observ-
able si:mlteneously, thereby emabling the viswmalization of the treacks
ag well as the poritione of ovn ship and target. If the projectar
is trained on the target, the location of the target is correctly
depioted, otherwiso not. By supplanting the radjal scan along a
line by a true sacsor scan (see pmragraph 27) with its apex at

ovi ship's position, the indications can be made correct regardless
of the precisiocn in training the rrojector. Even without the
addition of this trpe of sweap, ASAP operation would be improved if
SSI were used (preferably with an attack directior), to maintain the
projector beam on the center of iLhe targat.

F. Determinetion of Pepth

29. The simrlest use of G3I for the determination of depth is
ttat of centering the projector beam on the terpet. The depression
angle of the projector can ta fed inlo & computsr which also uses
slant range and tathythermographic data in its computation of
depth. This devicy sheald preferably be in the form of a recorder
in ordor that instintancous iwiisutions of depth may be averapged
out by eye in reacding ths recorder trace.

30. When the deprrssicn angle is charnging rapidly, as during an
approach, 1t z2y to diffienlt for the depression opeorator to kesp
tho image cenlerel sincs Le caanol alwmys anticipate the amount
of depression incisnent resauirvad fica one echo to the next. This
difficulty is obvizted by the use of an attack director to provide
aided tracking, with the sowd operator edding only the nscessary
cerroctions.

31, In order tu determine the depth ¢f & target to within 26
feat ata range of 000 yards, a depreszlon accuracy of + 2° Ts
required. The §Si¥ ¢an attein this degree of accuracy with oase
provided that the =cho docu not return frou varying direotions
over rultiple ;auu. Unfortuan tely, the eusho nearly always re-
turns over & minimun of tvo pl.,;.,, nam?y the direct and the one
involving & surfecz rellsction. If thir in the only cause of the
relatively large fluctuations which hzvi zctually been observed,
the correction of ithe difficuity would &ppeir to be the placement
of the mterfsrl..g, cu,ho m & null point of the projsctor bean

mtbern by selection of a proper tilt. This would in general place
the imge of the ¢20irsd echo off center by & variable amount de-

pending upon tilt; but & means for takirg Lhis offset into accomnt
is available siice proportiomal deflectizi rekes remdings off cener

SECRET




feasible, Operaticn with the surfece reflection on a response null
point is illustrated in Figurs 12. Other means for reducing the

Flgurs 12

effect of the surfvce-reflected echo ars the use of a projector
having e larger verticel dimension for sach receiving chammsel and
the use of highsr freogquency. In either caeso the objective is the
shappening of the tsem patbsrn.

32. It is nov krown Uhnt the depth of a tirget cen be determined
at some range with an error not excooding + 25 feet. It is not
knowm whethsr this renge can in &1l e2ses bo mads great enough to
permit using the ixrformtion in the ntiack, but ¢ psrimsnte.l work
is being prosscutes in order to previde the answers.

G. Fhase Differance Expansion

53, There is a dofinite relationzhip in 58I between the deviation
of the irage Irom contsr and tho phase dilference fed into the two
channels, When the phises differ by 180% the immgs appoers at the
edgo of the frure. All doflections are in ~he sam proportion to
phene difference, valch iz the meering of proportional deflection.

It is possible to expand the scels in the ceniral cathode~ray=-tube
display by usinrg & larger cer %tube. When this is done the individual
brig, htened -1ling sepmonts are likswise expap.’led in the same propor=-
tion and it is dom t8al if eny gain in sensitivity results in going
beyond & 5" dimameter catih ode«-ray tube. Howgver, if the phmase differ-
ence between the ircoming signals is expanded before being fed into
the SS8I, an increase in sensitivity rasulis. A method of expanding
srrll phaee-angle differences is to invert the sipmal in channel A




and to add part of this inverted sigml to the signal in channel B,
and at the same time to invert the signal in ocrammel B and add part
of this inverted sigrmal to the sxgnal in channel A. The Vector
diapram in Figure li-a illustrates the effect. Figure 1l3-b shows
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Figurs 13-a Figure 13-b

various curves of distortzd defloction plotied againet original
phase difference. ILxransion of tls csnirnl portion of the scale
of SSI of two %o thras fold scems to He feasibles. Barly experi-
mental confirpe tion is planned,

He Spotting

o4, Spotting i3 the dotermimmtion of the position in which the
rrojectile pattern strikes reimtive to tny target. If & pilo%
projectile is deliberately iade Lo fall snort of the prttern cen-
ter by a known anount, and it can be spotied relalive Lo the tar-
got, the fire control corrections cen s deduced. Hethods of
desipning such e pllot projectile %o erable echo rarnging from it
are being &studied, For axample, +the emission by the pilot charge
of a bubble scrssn from which echozs can be obtained is receliving
attention. The &SI is peculiarly asdapted to showing two targets
such a5 a subnarire and a pilot projectile on the sane sureen in
their correct relative positicns provided trat their ranges are
different. This last provision necessitaies deliberately firing
the pilot projeciile short in range. Ths display should be one
vhich shows extensicn in range from bottom to Sop and sngle from
left to right. The sweep should be delayed =s previously described
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in pragraphs 15 a:xd 26 until the echo range is just short of the
pllot projectile. Supposc thimt the pilot projectile is deliberatsly
fired fifty yards short of the wrget. Then on the socreen of the
cathode=rey tube there can be a positicn az at A in Figure 14 at
which the target is held by awans of aided tracking and there will
be & position B shown in thesmme Figure at which the pllot projectile
should appear. If however, tho pilot prejectils irmpge actually
appeers 8t C in the Fipure the srrour in range end bearing can be
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Figure 14

read and called out (as 25 yarcs short - 6 right, In Figure 14),
amd thiz informetion miy 82e2 be fed directly to the fire control
officer.

SECRILT



IIX. USES OF SSI IN PRAGUBMARINE PROGRAM

A, Bearing Indication

35. The princiml use of SSI in submarines is {or training
acourately on the propsllers of a target, using the SSI indicati:
of propeller noise., A sketoh illustrating the mature of this
indication is given in Figure 1l-b, page 6, except thet in that
oase ths projector was not trained to keep the indication centered.
For this use the SSI circuite are arrangod to complete one frane
from bottom to top and then automatically to snap back to the
bottom of the soreem and siart over egain. The persistence of

the screen is such that the bottom portion of & preceding frame
hae about fedsd out at the start of a new frame.

38, 'The form of the display is shown better in Figure 1lb-a and
15=b, which is a remrcduction of photographs taken in the 820 ine
sfallation. 15-2 shiows & centsred trace. 15-b illustrates the

Fl6. |ba F16. 16b
Figure 15-a Figwe 15~b

effect on the display of tininiug the projschor across the target
and back again.

87, The deflscticn sonsitivity of 8SI is related in a definits
renner to the geometrical arrangement and diisnsions of the two
halves of the projecter, &nd to the {reguency used, With a 13"
diauscter projeclor (crystal diammeter), opersating at 25 ke, deflegw
tion to the extremsw rijht or 1aft indicates a bearing devistion of

$ 12°, with the use of a projector of irice the diameter, which

Ts contemplated, deflnctions to ths edge of the frame would represent
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+8° bearing devimtion at the same froquency. Even with the former
Bensitivity, carefully controlled tests indicate the possibility
of centering, wlin an average deviation fran simultaneous periscope
readings plus correction for paralisx, of 12 minutes. With a
larger projector, with an inproved geometrical division of the pro-
jector into two sactions for reception, and with a phar: difference
expander as auxiliary equipment, it appears that errocss introduced
by the SSI ocen be rede ocompletely negligible. Of course, errors

in the direction of arriwal of the nolce are beyord control end
should prove limiGing Piotors in ultirate accuracy.

B. Use with IDC

S8. The objective of deteruining target boaring with extrems
acouraocy is to feod the TIC, ospecially whsn the submgrine ls sub-
rmerged and carmot safely expoce lis poriscops. The feed to tha

TDC receiver {eaboéied iu the Mark IV) is at 1 and 36 speeds from
the projector shet. Tho indication is givenat the TIC receiver
or ring dials whe.o 1% ig conmred with gonerated bearing corrscted
for parallax., Ary failurs of the jensrated values to folluxr the
observed values ¢t Lo used Ly thy TDC operztor lin intiroducing
corraections into the TLC nroeblum sstup.

39 The TDC Meck IV has sa incremwenial bearing output whioch
cen be fed into 1he training svstem of the projector, thereby
providing 2ided ‘iracking. . Whon this Teaturo is rade use of, and
when the problem ls ocrractly sst up, the sound operator nesd nct
train, eave to ir sorbt correcuions,

40, With the :ystem thus fer deseribad thore is one missing
link, rmanely autc@tic corrzetion of problem setup., This can
vitiretely bo ackleved by the provicion of an errcr voltage output
from the 85I for us? in eutoratle correction of gonerated bearing
and bearing rats n ths TDC,

Ce Use with Triengulation Listealng Ranging

4l, Since the ST is iutrinsiocally a davice which can measure
angles with sreet zccuracy, thu peasidility of ob®mining resges

by triangulaticr s enbicet by 1ts use. Two schemss of triansuls-
vior, sedh possersing ceriain inherent advniniages and disadvantages
are under consideraticn. These are (8} t(rianculation in a horizom-
tal plane using thw distancs betwsen projoctors placed well forward
and well aft on tie subrArine as a base lins (b) triangulation in
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a vertical plane using the vertical distance from the surface to
the single projector as a base line,

22, The methicd of horizontel triangulation is illustrated in
the sketoh of Figuwre 16, which shows in porspsctive a triangle
formed by the Arget's propesllers and the two projectors on the

w-'szép 1‘ i "l""/ SR FWCE

Figure 16

‘subrarine used {cr ths triansulation., Tle forvard projector is
more likely tc be used for measguring boering B.. The aft orojec=
wor messures 8 4 .fferent bearing Jp'. Tie dif’?‘erence beLw:enn these
two angles ic tte angle A subtended by the wo projectors &t the
vropellers of tho tarzec. The ranpge from oither projector 1s
approximatsly R How tie relation whiczh ks to bs salisfied in
Lthis geomet-ical arraangsment is ths follcoding:

8in A _ sin B¢ (8)
b R

This my be solvud bty & suitebls eomputor sines everything in

the eowmtion excopt R 33 known or ot lnablis from the bearings

at whe two jrojeciors. Hoshirontzl trisnguiatioe las bsen carried
cut successfuily in +“lo "TWRY at rawes 1p o about 2500 yards on
the bteem of ox: chip. Al srell angles off tne bow or stern the
mse line is co proa%ly roduced that opsration is possible only
2t much shorter jangss. "ILR" funeticis without the benefit of
$8I. Also, it l:cks aided tracking by TIX in angle and renge. It
18 believad trat the uddition of these festures, together with the
use of error volin;os to oerrect the rrohlsm sstup would result in
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a substantial iacsense in accucsoy in this wethod of obtaining
ranges. The propos-d soheme {or treining the rrojectors 1s te¢
have the forward »rcjector provided with eided traocking from the
TDC and to provids an anpular differential betwsen the two pro-
jectors whichk comes from gensrated range. Errors in the differ-
ential rey be obseried indspendently of errcrs in bearing by
swivohing froa cne rojestor to the other for 8SI and observing
whether the indicatior. shifts on the scrren without reference to
whevher it is centersd. Also an independent error voliage nmay
be obimined for correcting the generated range and renge rate.
The advantages of tnis method of trianguletion over that in a
vertical plare are its indesperdence from depth of the submarins,
from temperaives pradients, and fron roll and plteh of the ship.

4%, Vertical trinngulation is now roseiviang prelimirary tests.
Thia metuod recuire: s tiliable projoctor ani meens for detorrin-
ing orecissly tho slevailon of the target. It reauires the use

of stabilizaticn to convensate for roll and pitch of the ship, and
of computara whisn mke v allowsnce Jor bemgeraturs gradiente as
detormined frum ¢ ythormograph rsadings proviously obiained.

The adventages of % is syules are o longer bacs lins obtainable
by ceep sulmorgzacs of tle subsairins, and the Jack of depsndence
£ +he leagth of a0 Liud on ire relavive Luering of target.

44, Bipgurs 17 iitlusbeatas verdicel triengalation. As will be
see Ly vofersnss i the figure the sangs R Je given by the
exprozsion
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D. Listening rPI

45, If a horigonts lly spiiv projector is isad with §8SI, the
scan is from the top tc tie Lottom of the beam or vice versa as
desired. Supposs that suck a projector is employed, that it is
stabilized against roll aad pitoh of the thip, and that it 1s
elevated through &n rngla of 45%. Suoh a projector is shown
mounted on the toj s:de of a submarice in Firurs 18. A bean

I M- ol

o b i 2 :i
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Figare 19

widih of 60° i3 show, 204 4ne sean is therciors from 159 sleve=
tion %o 780 elevailc.. This wo2n in angle iy elso be regardsd as
a scan along tho tur wc: frue & horlzouial range h cot 18° to

h oot 75%. Any neisy srusce ia the rarticuiny azimuth in which
the projector is wra red san give on indicetion on the sereen ds-
peonGant for its pusi tioa vwon thke range o Ut source, In the
listoning PFI as v ~izo- 0 swoep of Figvre 1-b is replaced by

g radisl swoep irame tie eigs of Yl sereen uearly to the center.
This redial lins ‘s sc zivooisd as o rerzesent the relative
bee:ing of the projestor. The disnley whom noise is picked up, is
then a5 shown in Figore 29 wilh the relztive uearing, B, and
approxinetely ths rengs 5 indicated,
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Pigure 10

46, The orivnimtion of the radial line on the screen {ollows
the orientation of 110 projoctor autoad tically by meuns of a
synchro=serve syster. In use, the nrojector 13 intended to be
rotaced several times »er minuts and the alsplzy will thus ia~
cluds in their vorrc:t reletive positions 21l noise sources swept
through, The parsiciuuce of tha scresu e 5249 long snough so
that lmeges frew we sucozesive swaspe eppear simulianecuvsly,
thereby giving an iriizetion of nmotions of tre wrious targsts.
Figrre 2C is the t s or disploy oblained wlhen sweeping is being

Figure 20

carried out. In thi: illustration two noise sources, the station-
ary one on bearing (30, ard the noving one on bearing 270, are
{llustroted. The %> imges on about 270° are from two successive
roations through {lis ncise scurce.
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47. This listen: ug PPI, which requires rn¢ trensmission of sigml
is rogarded as a dufense weapon agpinst atiacking surface vessels.
It should present valuable information to assist the captain in
planning sscape tactics. The possibility of firing, torpedoss by
meens of listening SSI exists, but appears remcts.

E. Aid in @oho Ranging

48. While range : by trimngulation are beinyg sought, 1t does not
seom propitious te do away with echo ranginpg. Rather, echo ranging
should be confinsd to & fuw single pings, pessibly with pulses so
short that they o :598s no tomal quelity. In soms cages, partiou-
larly with short p uzs, tha echo is bedly masked by prop nniees and
its detection is @ .fficult. To alleviate this unfavorable conditicn
the sound operator say trein behind the props by an amount which
places them at or war a null point in the recsption beam patternm,
and may then echo ange from the targei’s wele. As an aid in trans-
lating the range o' tho waiz intc the rangs of The target, the
const@nts of 88 m v be choson such that whonr the prope are on 2
nuil point the extinsion in rangs of the wake echo subtracted from
th> mean renge of -he vweke cchc will give the range of the targetls
oripse In operati m he  sorator of the range rocorder could coll
cut wake range and the operator of the S$3I cuuld call out an exten-
Csion in renge whic: i 4o be subtracted. The DS cpermtor ocould
pesform the sublie :tion mentally and check his problem setup. Ths
ge smetry of the si-w tion is shovm ip Figure 21, T is the target

Rigura 21
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ship the propellers (P) of which are kept ceantered on the SSI
when not echo ranping. Wren echo ranging, the beam pattern of the
projector is wlthin the £ngle © with null points in the directioms
oa and od. ©ob and oc are the limits of the SSI scan and oe is the
projector axis. Rkiag the angle eod aqual to the angle bos, the
extension in range si owm on the GSI screen, nemely bjoy will be
substantially identicil with the extension in range of €3d) and
therefores mey be subtracted from the mean wake range to glve prop-
sller range oP. :



v, USES IN RAVIGATION

A, Application %« Smrll Object Location

50, At times, sucl. as whsn running through & mine field, it is
desirable to locate izAll objects. Various methods have been de=-
veloped to all of which SSI in a particulsr form may be added with
advantage. All such amall object locaters must operate from echoes
since the objects are not obliging enough to omit noise; conse-
quently In the usual SSI display an indicntion like thmt of Figure
l-e. would be obtainec. Botter viswalization of the situation is
to be anticipated if this type of scan is somowhat modified. The
sound beam itself ig shaped in the form of a ssctor of a oircle

of expanding radius. - If the display of S$SI is given the identical
shaps, the images of objects in the field will be shown aorrectly
positioned relative ‘o some referonce line such ag a vertical

line on the screen irdicating dead ahead. Any suitable scale my
be chosen,

51. If the locatei’ includes & ssarchlight boeam which covers a
releuively smll eng e it may bs desired to rotato this projector
continuously or in sieps. In oither cese, the SSI display may be
rotated in synshroni:m. If such rotation is gero, the apex of the
display soctor may mist conveniently be pleecsd nocar the bottom of
the ¢-r tube. If roaticn is through an angls of abvout +60°, the
center of rotation c. the scroen may preferably bo placed somewhat
below the canter of 13 screen. If rotation is through 360°, the
contor of rotation s:.ould bo placaed at the conter of {he screen.
All of thesge arrange sints are attainable.

52. Filpure 22 she s cuceosssive indications of a amall object
ahoad of a submrrine and Lo starbcard. In order to obwain the
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latter indieaticns i% wa necsssary to rotato the projector and
with 1t the display. It will be seen that wien first detected
the smll object lay viry clese tc the track of the submarine.
Full loft rudder was cilled and the indication veered to the
right until it wes at . safe distance from t's track, at which
time the submarine retirned to zoro rudder.

Be Use in Determining Bottom Contours

53, Indications of scttom slope are obtaimpble much in the
same mpnner as target ~srict, or wake aspect. For this purpose,
the projector must bo :plit horizontally and the indication shows
deviation fro:n the bos 1 axis ip & vertieal plans, The display
of Pipwre £ (page 6) s1ould be rotated downward the same amount
an the pro iectm is tiltod dowmmrd. A gated verticzl sweep
should be eaployed f5f correst aspset indicaticn (see II-D). With
this arrangsnment tis flops of thnt portion of ths botton on which
the sound beam is tred.cd is corrselly dispinyed,

5%. A dwoieel displ.y of tha betbtom is illuctrated In Figure 23.

N

Figure &d-a Figure 23-b

AL 23=0., the vertical .~cticn through the bottom in the plane of
which zesnning is tekiHz placa is shomn, togothor with tho diree-
vion from which the se md wave imringes. AL 23~b, the display
obtain:d frem the ecic is ziven. - (The slops of the bottom &s ine
dicatel is indepemdent of tne tilt of the projeztor.) Points 1,
2, 3, nnd 4 in Figure 3~ are representsd by correspending points
1, 2, 3, and & in tha =ags 3t 23-b. Nobte the absence of an echo
betvieen poinis 2 and & in the shrndow zons.
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C. Use in Loos ting Tenperature layers.

55, Any tempore ture layer which is abrupt enough to give a
good echo can be ¢hown in espect by the seme method used for de-
termining the slo}e of the bottom, Whlle at the present time it
is not known whetrer at some higher frequency good echoes ocan
always be obtained from temperature layers, such a possibility
is being investigeted. If this should prove to be the cass, the
e pping of temper=s ture layers might be of great help to & sub=-
marine if it is le ter under attack, and convsrsely to a surface
ship attacking.

SECRET
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APFENDIX A+ S3LTHEQRX

I. SSI OPERATICN

A, Dependence ¢x Incoming Signals

1. 881 require:s theo use of a projeotor divided electrically
into two parts witt their centers of area displaced in the plane
of scan, For tho jurpcoss of this discussion it will be assumed
that the plane of tcan is horirzontal, and that the division is
into two halves sejarated by the vertiocal diameter of the projec-
tor. When a noise or echo comes from the beam axis of the projec-~
tor, the two halver of the projector rospand exactly alike., If,
however, the signe: is displacod to the right of the beam axis,
it reeches the rigl¢ M lf of ¢he projector before it reaches the
loft half giving rise to 2 phase lsad in the right-half response
ahead of the left-lolf presponse. SSI uses this phase difference
in the wwo halves «£ tha projector to produce an indicsation of the
deviation of the scurse or refloctor to the right or the left of
the bean exis,

B. Block Dingrea

24 Plate 1 iz ¢ blosk disgram of the equipment. There are
two amplifying cha:uele, ws for ths right halfl of the projector
(shown across tha ‘o» of the plate), the other for ths left half
of the projector (:hown foross tho bobteom of the plate). These
anplifiers arc of 1l suporhezovedyne typas wiih separate loocal
oscillators tuncd .o slightly different frsquencies &g showi.

By heterodyning the two loczl cseillators upainst each othor in
a mixer, & 400-cyc’ o/soc. difference frequaney is.obtwined, which
is passed through the szcond horlzontal 1ius of components in the
diagram to synchroriso a saw-tooth gensrator and thersby o pro-
vide a horizonirl iwwep across the soreen oi the cathode-ray iube,
The third horizontsl lins of coamponents represents the means for
obiaining a wverticel swoep.

3. The two ap’ifisy channels are combined at the extreme
rizht of the dimgrem t0 provide voltage for spot brightening at
the proper positior in ench horizontal sweep whern an echo or
prcpeller noiss is Leing received,
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C. Scanning ths Screen

4, In the abse ise of mn echo, the screon of the cathode-ray
tube is normally durk. If, however, the intensity grid voltage

is incremsed by tu-ning the brightness controul, an electron beam
is permitted to st-ike the screen, theraly producing a fluores-
cent spot. This s:ot swesps across tha screan rapidly from left
to right and then repeats to form a suocseeion of horizontal lines.
At the same time s slower vertical sweap deflects successive lines
upvard from the bo:tom to the top of the screen in such a marner
that & reootengular aren is coversd, as in television, but at a
much slowsr rate.

D. Vertioal Swseap

5. the vertical sweop is produceld by a cew-Looth current
aprlied to the versizal deflection coils. This current is so
synchroenised with ths transmission of sound into the water that
the horizonlal linss are deflected to ths bottom of the screen

- at Lthe ingtont of scund transnission, and tioreafter progrese
upmrd, Vertical ‘splscoaent from the Lotihom is therefore pro-
pertioral to range., The ronge roportionwlity constant uay be
closon by the opse tor te¢ ke the top o the ssreen correspond
tc any desired rmn o, aas for exwmple, 3750 yards, 1500 yards, oy
TED yards, Iv tho transmitted pulso is inisia%sed by a range re-
corder, the downaiivd Liy-bock my oo s_yn-“:h“oﬁza-i rognrdless of
hor far toward ths top of the sorswn ke vortlonl deflection has
proceedod, ‘Yhen 1 stenlig to nolss the fl;;."-l;;l(;( from the top to
the botsom ¢ the cercza 1\, poecaplished osomtieally without
ok serna l synsivonl atiou. A convanicot tioe for the vertiocal
gwiop ia thils Mot cais is € aeccomde,

E, Raflerence S-stonm

ra

6, The heart .’ the SC0I is tae moan: {rr synchronizing the
horitontal sweop wilh spob brightening. To ihis end, o time ref-
er:nce system is e -ploycc. The two loeal rscillators of the SSI
are tuned 400 cyclts,’caf:c arart., Ths pl’.&sa rolatiors hotween the
tero cseillatiors 3 v be siawm o o ClCc'w i _a--ranx, as in Figure 24,
ir: which & sinple and roiating at 460 lutions per second in-
1icates at every i.strns tha nhege of t-.r:? ;t:.g—,her frequency relative
io the lower,
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Figure 24

Fo Horizontal Svwep

T If the clock scale 1s broken ati 180° end straighiened, as
in Figure 25, it rejresents the synchronism of the horizental
sweep, across the screen of the cathode-ray tube, with the phase
relations between . twn osoillations. Ikis synchronisw is

~180° -13§7 -90" 45"
! | —

P ! {

¢ +45° +90° +I35 4180

N S N
A A

U S g

Figacs 20

achieved as follows. The two lceal coscillations are haoterodyned
against each other .o give a 400 oycle/sex . difforencs frequency.
This differcnce frequensy in tie plate clrcuit of the aixer bears
the dofinite reisti mshivn Lo tha clesk dizgram of poing through
mximum whon the click prid goms through 180°%. The voltage at
the difference Ireqiancy is shifted in phase a fixed amount ard
dis%orted in the desired mammor to triggsr & pp8 tube, thereby
discharging & condeissr, whonever the clock hand goes through 180°.
This discharge is usad 4o serke 'Chﬂ seap “fly Lack" f{rom extreme
right to extrems e ™ ¢+ 130° {ere Figure 25). Then, as the con~
denior oharges, tiie s 0% swssns acrcess the screen in one revolu-
tiom of the clock hunid.
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G. Synohroniration of Sigml

8. The sigmal {rom the right m1f of the projector is fed
into the channel with the oscillator of higher frequensy. In

the superheterodyue nmixer, phases (as weli as frequensies) are
subsracted. Thus, if the two incoming sipnals (right and left)
ere in phass, the tve intermediate frequencies lave relative phase
idenzical with that of the looal oscillations shown in Figure 2¢.
By producing srot b-ishtening when the two I.F.'s pass through
pht.ae coinvidence (J° in Figures 24) ths Wrightened spot falla on
center (Figure 25), as it should for this case.

9. Suppose the s;igmsl ocutput of the right Ml of the projesa~
tor leads by 800 bo:nuse She siprel has e bearing deviation to the
right. Then, becau;e of subiraction of Ehaaes in the mixers, the
I.,F.'s have a relat.vs phuse retarded 907 from Figure 24, as shown
by “he added shorter :woud in the clock diagram of Figure 28. This

-~ P -8
pR ~ _‘- - 'H};
1807
Figure 26

added hand is an I. . ralndive~plase hand and rotwmtes with 2 con~
stant 90° g behin: the ssecillation relative-phase hand for this

exanple., VWhenever hs i.F. reletive~phase hand msses througk zero,

spot brightening wi:vs 2ince, At such instents the oscillaticn
hand is at $90°; he we the brightered spot occurs at +90° on the
swesp scale of Fizu a 25, In rensral, if thse right ralf leads or
lags the left by an arnplo not exceeding 180°, spot brightening
occurs &t the soals position of Figure 26 marking the lead or lag.

SZCRET



He Spot Brightening

10, The output o’ each I.F. amplifiler is limited by driving
grids of amplifiers below cutoff, thereby producing so-called
"sqare" waves, Thise square waves, still at ntermediate fre~
quencies, are differentisted to produce sharp voltage pips. The
volage pips in the two channsls, still at inturmedia e frequen-
oles, are added togather to produce extra high pips when they
cocour at the same time, as they do at phase co.ncidence once every
1/400th second., Only these high pips break though an amplifier
bissed below cutoff (slinper tube), end after proper filtering and
inverting, become tre voltage which ic applied to the intensily
grid of the cathode-ray tube to brighten tie spot.

1I. TUNABLE Ss1

A, Advantagses of Dawable G611
1l. The reasons {or tuning any euho runging gear ars;

e, The choizs of thnt ogorasing froguency where the
overall seusitivity of the eche manging equipment is
optlmun .

b. The cholze uf thet operating frovuenoy where ine
terforence from soho raaging goars on bhe seme or
cr shdlps 1y miaimized,

c. Varizsion L4 btaan width, higher Ivejuency glving
a sherpor bzim vhen the szme projechor is used,

it~ 8S1 the reasons rop uning are the svse with the addition of:
d. Selectics af desirad deflection sensitivity.
This sensici~ivy Liwreases with incicass of [re-
quency.

12, The adwantages -7 « rpi-conirol syzze: 2f tuning the driver
and receiver topothor »r: well lmowa, If this system is snpleyed
it is obvious sat i® zirr» admnizges would bsccae even greater
if the 351 were inclidel I+ ths wunli-control system.
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. Be The problem of Tuning SSI

13, The problem of tuning SSI is one of aligning two local .
osoillators 400 cyoles arpart $20 cycles over the frequemcy range
and at the sams tims aligning with these local oscillators any
tuned sigmal-frequency oircuits which may be rsquired. The
alignment of the signalefrequency tuned circuits with each other
must be a phase alipnment which is considerably more critical than
an amplitude alignment Lecause at the peakx response frequency the
amplitude variation with frequency is tero while the phase varia-
tion with frequepoy is meximum. It is necessary then, that the
sigml«frequency tuned cirouits be aligned with sach other wery
carefully: their aliganent with the loosl oscillators is not quite
8o important since if all are out of aligament with the loeal os-
cillators by the samo amount the only effeot is & decrease in sensi-
tivity without relative phase shift between ths two clannels. The
priuciple problems boil domm to these two:

a. Tracking of the wo local oscillatora 400
cyoles apart ¥20 cyoles, and

t. Tracking of all tuned sirmel=-frequsicy cir-
cuits with esch other.

4. The followiry; metheds offer pramiss Hf providing tunability:

&. The diffzronce freausncy betwoon ths two local
oscillators, alrsady evallable, is put into a dis-
crimimisor tumod %o 20C cyciss per secohd. This
disceriminatcr givos a d-c output which is positive
or negative levending cn the dirsctinm of Jeviation
of the d¢ifference ircquoncy from 400 sycles per cec-
ord., The discrimdoator output is injocted on the
grid of a rezcuw:nes tuve used in the tunsd circult
of one of tihs local oscillators and afficting its
frequsncy of oscillation. The elreuit is so arranged
that variacion in grid rotentiml of the resctance
tubs tunes the oscillator of which it is5 a gart,

in tha direc%ion which makes the differince frequency
betwesn tlie twe lozal oseillators appruich 400 oycles
per second., Ganged with %4he oeseilla’tor tuming cmn-
densers are “hooe [or sigmws l-Crequsney itualng. Re-
sults to date }.r"'lica %8 that soms tuaing aha3ad of the
mixer in vech channel is requirsd. nHither a single
tuned circuilt we ‘thoa fairly higk ¢, or two tuned
cireuits ir cascads each having a low Q rnppear to be
satisfmctoery. Whataver circuits rava 4o bs tuned
my have ‘heir condensors canged with tae oscillator
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tuning corn snsers. It should be noted that with
this schemt: misaligrment of the signal frequency
tuned circuits with the local csaillator tuned
corcuits ¢y not be serious since it results only
in decreas¢d ssnsitivity and not 1n relative phase
shift betweon the two channels,

b, Ancther methed of tuning is to use three oscilla-
tors, two an fixed frequencieas 4C0 sycles per second
apart, and the third tunable with its condenser
tracked with the sipgnal frequsney tuned ocircults.

The variable frequenocy oscillaticn is hoterodyned
against eacn of the two fixed fregquency oscillations
to mroduce the varieble fisquenciss, 400 c¢ycles per
sogond &amrt, which irke the pluoe of the local os-
cillations in the supsrhatercdyne chsmnel. These
variable fraocucnciss have tc be carafully filtered.

¢. A mathed of prrtial Puming iavolves the uge of
reirs of crystals to control ths lecal oscillator
frequency vith tho signl frequancy clages tunable
by means of gaasgsd ¢ondsnsers. Wnem it is desired
to charga {requoncy tho pair of crvetals in use le
removod and & 1ew palr is plugged in whereupon the
sigral froquency couadensers mmy b3 ztoned, for
raximm respyonss.



APPENDIX B: KXPERIMENTAL RESULTS TO_DATE IN A/S VARFARE

A, Installatior. in JsS FOSS

L The potentialities of $SI in A/S varfars have been rartially
domonstreted in the Interrated Somar type A installation in the de-
stroyer esaort USS 0SS, This installation was completed in Febrwry
1945 and tests #re still continuing. The rortions of the inktalla-
tion associated wita the two SSI's are a projestor, trainable, tilt-
able beyond 900, and stabilized against roll end pitoh of the ship,

a coupler unit, and & pulse length control.

2. The projecter iz of the QB typs = Kochelle salt orystals. It
has a bLroad frequeicy-recponze characteristic peaking &t 256 kilo~
eyclas/sec. It is split, electriocally omly, along vertical anmd hori-
goptal dlameters iric quedrants. A three-exis system of stabllize-
tion keeps the s»nlita horizont2l and vortical despite rolling and -
pitching, while ma:ntaining the bearing and depression called for.
The training and %.1lting of the projector are independsntly con-
trolled by two sowid operaters, but cnly the iraining operator is
needed for searching. '

3. The couplor unit elimimates the keying relsy, an important
function, but necessary with SSI only for extremely short ranpges.
More inportant for 351 orsmtion, this wnit combines the quadrants
in varicus combiretions and provides ocutpute of right and left
halves, of top end botsom halves, ancd of the whole projector. The
first and seocaud jx.irs of outpubts ere fed to the iwo S8I uuits, the
last to the recoivor, which provides audible output and fseds the
tactical recorder.

4. The pulsoe lonzth control is awnvioned here because results
indicate that pulss length is of inportance in obtaining the most
information from tie SSY. Pules lengths of 2, 65, 10, 20, and 50
milliseconds are s2lectadble.

b. One &I, the displsy of which 18 «n the console of the train
operator, utilizes the jair of coupler uait ontputs equiwvalent to
right and loft haliss of the projector. This unlt scans the pri-
mary recasption lob: of ihe projector horisoniunlly, and thereby
shows the objects zontained in the lobe im plum. The second SSI,
the display of whish is on the console of whe tilt operstor,
utilizes the mmir of coupler unit outputs equivalent to top and
bottam helves of tne projsctor. This second unit scans the pri-
mry reecseption lobs of the projector vertically, and thereby shows
the objects contained in the lobe in slevation.
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B. opsration of FOSS Equijront

G. In search, one operator seated at the train oonsole (Fig-

ure 4, page 9) trains through the designated search sector on suc=
cessive pings until contact is established, Contmot rmay first be
recognized aurally or on the chemical recorder, but should be readily
identifiable on the 551 at about the same time. The position of

the brightened spot in the horisontal scan on the cathode-ray tube
indicates at once which way and how far the operator should train

to center the tarmet, and emrbles him ocontinucusly to maintsin con~
tact as long as evhoea can be received.

7. Contncot having heem sstnblishod, the tilt operator takes

hks position &t %hs tilt oonsole (Figure 4) for the rttaack. His
SSI presentation shows the target on or of{ center vertically. In
the approech, &s the bripghtensd gpot moves dovom on the soreen, he
controls the tilt of +the mrojsstor to bring it back to center. A%
olose renge he «ay anticimte the shitt in position and, by tilting
through possibly as much as a degree, or morse, between tw success-
ive pinps, keep thes indieztion on centor.

~

C. Oparationnl Resulis
8. Bxperimeninl cperpiion of the FCS5 installation indicatss

that once & contact is sado, opsrators with no speejal training

n the use of this perticulay squipasnt can hold contact even when
vuiaing, aivectly ovur tne target at 20 knots. Two rums in which
the moxinum $il% nniiss wers 239 and 709 raspactively are showm in
the mccompenyins reproduction of recorder traces (Plate 2). The
datn regarding tilt is written on ths traces along with an indi-
cation of minimum rangs, Porhaps 4the most atriking demonstration
occurred when working with the U3S R-1 which md been modified vo
pernit rumning =% 13 knots subwerged. With the R-1 maneuvering at
will, the FOSS nersr lost contact dwring & 90-minute operasing

reriod,

9. One objective with the FOIS installation was to obtain

dspth of a submarine by reasurguent of ths tilt angle and slant
rarge . Several raus wore mede on & single day of operation with

the sabrBrine at denths of 100 feet, 200 foew, and 400 feet. With-
out the tilt orerator': tekin: any mrticulsr care to keep the

L.sge centered and without his sipmalling when he vas on the target,
veriodic observeslcng of ran-e and tilt were taken on the bridge ro-
aRuer or the tiree submarins depths during approaclies. From the
dnwa, doapths were conmuted and these are plotted as ourves (2), (b),
end (¢} of Piale 3 tor the 1l00-foot, 200-foot, and 400=foot depths,
rew wctively. The target vas an Itslian subiarine which expresses
“te veth s diswnce of iuws vmter line belrw the swurface. The liwdt
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lines in the plate represent conning tower and keel on the
assunption that the submarine was at the requested depth in
sach oase, .

10, Several conclusions can be drawn from these graphs
of depth versus slant range, as follows;

a, Brrors in individual determinations are rather
‘large.

b. The depth indicated by an average of several deter-
mimations 1s reasonably good and is consistent out to
the maximun renge at whioh readings were itaken.

To these conclusions may be added that some interference fraa
surface~-reflecied schoss was obasrvabls at tilt angles of less
tten 6° or 79, and less relisnce wes put on determinations at
such angles although the graphs de not show less consistency
at the longer than at the shorter ranges.

11, It was observed during operations in the FOSS that a good
idea of target aspact vas obimnined from the SSI presentation when
using short pulses (10 milliseoonds or less). Admittedly, the
Doppler effect iz lost at the shorter pulse lengths, thereby give
ing less discrimimition betweon echo and roverberations. This
sacrifice ray not be tolerabls with poor water conditions. Even
80, possibly one ping in four could be a short pulse primarily
for aspect indication.

1z, In the FOSS installation congiderable atitention was given
to the display of "argot aspect, With & subrarine es a {arget
running slowly at 90 fect depth, conditions which should lave
given rise to no wike, an indication of aspoct was clearly obtain-
able. For example, in & quarter approsch, terget angle 135°%, the
display showed the successive line sogments from bottom to top in
the duration of tho echo displaced more ani more to the right.

The observed extsncion in range agreed approximtely with that of
the submarine. As the rangs wvas closed and a beam aspect ob-
wined, a display was obiained which spreed in en irregular manmner
completely across vhe screen. Beyond this in the approach, the
successive lino s9msnis became displaced more and more to the
left at inoreasing range, indicating a target angle between 0° and
90°, and finally, n passing directly ahead of the target the lire
segronts of the diuplay were aligned vertically. (See Figure 14,
mge 22.)

13, In the FOSS instellation the method of asract measurement
in which the scan comuences at the time of transmission was tried
and gave an accuracy within $5° for the target course except when
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a neer beam 23peat was presented when the errors increased to 10°
or 200, The limitations of this type of rresentation were recog=-
nized and the delayed sweep method is socn bto be tried. .

14, Recentiy « Libracccpe type of atisck director was installed
in the FOSS and uperated with ths Intezroted Gorar equimment, With
this combina ticn the athack director hns besn found ocapable of tilte
ing the projecto~ correctly in runs dirsctly over the target, so
that the tilt opwrator hag little bto do vxcept to detect dight bear-
ing deviations eiused Ly errors in the problem setup. An example
of such &8 rur is showa in the repraducticon of the recordsr trace

in Plate 4. In shis particular case ths oparator did not toush the
tilt control witiin 400 yards of the tarpat. The attaock directoer
should be cnvebl: of doing well on Srziningy although the speed of

Wwein is much hirher than that of tilt when passing over the
target.

3ICRET

il



APPENDIX Cs:; EXPSRIMENTAL RESULTS TO LATE IN FRO-SUBLARINE APFLICATIONS

A. Preliminary Experimentel Inctallations

1. Early in the war, improvements in the somar equipment in
subrarines lagged tohimd Shose in somar equipment for surface
vessels out of all proportion to the need for such improvements
in the two oases, Recosnizing this situation, NRL proposed to
Comsublant certain axperimental installations of SSI and other
devices for submarizes., Comsublant was at all times highly
cooperative and iuch of the earliest experimental work with SSI
was oarried out in zubmparines. Here, maturally, the stress is on
indioations from prop roise rather than from echoes.

S Successive instellations of SSI ir the USS S~48, the USS §-20,
and the USS BASHAW, demonstrated that prop noise could be located by
this device at ranges 2.t least a8 great as those whigh would permit
aural deteoction with conventicral equipment, snd that accuracy of

at least + 1 degree in bearing was obtairable, the training systems
employed Being the limiting factors in accwaocy determinations.

So The BASFAW installation utilized the whole projector for
one channel and mi? the projsctor for the other. The display
obtained with this nrrangsront proved inferior to that with the
more conventioral m:thod in that only the central portion of the
screen vas useful. Zrhe msthod vas thereupm discerded.

4. Ir: thesa pre limimry expariments, no renge sweep was em-

- ployed, cuccessive orizontal cwoeps buing at a constant vertical
position. Haviog worked for some tims without a range sweep, NRL
is now particularly sware of its edvaniagss.

B, Plens for nsmllation of SSI with Torpedo Data Computer Wark IV

b Having been rdvised of the accurgacy of SSI in prelininary
tests, the Bureuu o! Ordmance included in the design of torpedo
data computer, Merk IV, provision for

a. recepiici: of projector bearing by synchro repeat-
bzck fron the projector siaft at 1l and 36 speeds;

b, generate’ projector bearing by the TLC at 1 and

36 speeds including parallax corrections and allowance
for travel %:e of sound, for direvt comparisom with
the actual projector on ring dials; and

¢. inoremsnial relative bearing output for training
the projectas except for corrections added differen-
tially by the sound operator.
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6. BuOrd and NRL, jointly, plannsd the installation of TDC

- Mark IV and SSI together in an experimental submarinej These plans
were presented to other bureaus and to Comsublant. Modifications
of the S-20 were authorized and she was made aveilabls for the in-
stallation and tests during November and December 1944,

C. Installation and Tests of SSI=TDC in the S=20

7L  The installation and tests of SSI-TDC inthe §-20 are cove
ered in NRL Sound Report No. 42 of January 10, 1946, The abstract
of that report reads as follows;

Uths tests of the BDI-TDC coxbimxtion in the USS §-20
were corduciiod jointly by the Bureau of Ordnance and

NRL.

"pPreparations entriled removal of the S$-20 port side
torpedo stowage facilitles, replacemsny of the somar
equipnent by modern components, and the installation
oft (a) = 4XVA MG set, (b) 2 split QB projector,
(¢) projector training gear similar to WFA type but
driving, & top-side mount with 38 speed control and 1
and 36 speed ropeetbacks, {d) BRI, (o) 1DC Mark 1V
Mod 0, {f) BDI repeater, and (g) & rarlscope target-
bsaring royptater.

"The tosts included practice runs, e calibration
run, runs for recording disl readings with the tar-
get on & known fixed course at knovm spesd, and reg-
ular fox runs by ths target shlip with the submarine
ainmula ting e.itacks. In eipht simulated atiscks the
S§=20 used swad information exclusively while sound
contect vas wnintrined.

The ca.libration runs showed the difference beiween

observed sourd bearing (plus conputed yarallax bear-
ing) and periscope bearing to be 12' on the average

over the 40 roadings on bearings all around the sub=-
marine except around the bow and connling tower,

"During the simulated attacks, four torpsdoes were
fired; throe wore hits and the fourth was "oold","

8. From these tests, and I'rom others wherein TIC vas used with-
out SSI, it appsare to many observers that the installation in the
5~20 is the type best suited for operation with TDC. The situation
is perhaps best swrarized by quoting from a letter writtenm by
Comsublant to Chief of Naval Cperations:

SECRET *

4G



APPENDIX D: DESIGN OF PROJECTOR FOR SS1I

A. Faults in Present Design

1. With the dev2lopment of BDI there came the split projector
which receives two sigmals which in general differ in phase, for
feeding two channels. There seems ‘o have bean no design work
carried out on the split projector beyond the decision to split a
standerd projector along a vertical diameter. The same simple
construction has geaerally been used with SSI except in the FOSS
installation, where vartical anmd horizontsl splits into guadrante
emebled combination of pairs of quadrants into right half, left
half, top half, and bottom half. As 8 recelving projector, half

& circle is poor because of the very wide beam patiern and the

very high secondary lobes. Furthermore, the proportioning of the
factors - trensmitting beam widths, receiving beam widths, and
angle soanned through - is particularly ill-chosen in this “design®.
The scan is within whe limits of the transmitting beam pattern, end
no echoes would be uxpected to be received at the edge of this beanm
because no ensrgy iLs sent out in this diresction. The receiving
beam pattern, ¢ the other hand, is only three or four decibels
below peak response ot the edge of the wenemitting beam. Cone
sequently, at recep’iion, interfering noise can be piocked up through-
out a solid angle o' several times the useful solid angle.

B. Nouessity for Compromise

2e Projector decign requires compromiges between the followe
ing mirs of factore;

a. Narrow beca width and reduced ninor lobes
b, Narrow receiving beam width and deflection sensitivivy

c. Beam pmttern in vertical plane and beam patterns in
other planes.

There are methods of reducing the minor lobes 30 descibles or more
below the main lobe. Howsver, these methods cause a widening of

the beam matiern which may lower the directivity index more than
high minor lobes do. A good oompromise is reached when the minar
lobes are reduced a little over 20 decibels below the main lobe,
Receiving beam width can be decreased by permitting the two sections
of a split projector to overlap., This overlap closes the distance
betwsen the centers and thersby deoreases the deflection ssmsitivity.

SECRET
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However, in order tc marrow the beam by some 304, and to suppress

the minor lobes to 2C db down some sacrifice in deflection sensi-
tivity is worth-while, marticularly since it can be restored by

means of a phase differsnoe exrander. Experience has shown that
interference, probably from surface reflected echoes, is most

serious in the vertical planc. Consequently, the beam pmttern in

this plane should be sharper and should have suppressed minor lobes
even if optimum design in other planes is thereby rendered impossible.

e A proposed design of projector which appears to be the best
compromise between the factors involved for S5I is showm in Plate 5.
This is a four-seation design capable of combination to give a right
and left pair of sections and simultaneously a top and bottom pair
of sections. The right and left sections are symmetrical relative
to vertical axes through their centers: the top and bottam seotions
are symmetrical relative to horizoniazl axes tlrough their centers.

4. Plate 6 shows the theoretical receiving beam patiern in a
vertical plane of & projector split into halves and also that of
the propesed design. The narrowing of ths beam; and the reduction
of the :inor lobes in ths latter may be noted.
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DATE:

FROM:

SUBJECT:

TO:

e UNITED STATES GOVERNMENT

memorandum

7103/106
30 September1996

Burton G. Hurdle (Code 7103)

REVIEW OF REF. (a) FOR DECLASSIFICATION
Code 1221.1 - )
Code 7100 pD- 3100 77

(a) NRL Confidential Report #S-2631 by H.L. Saxton, August 1945 (U)
(b) DoD Dir. 5200.9

1. Reference (a) is a report on the theory, development and testing of the Sector
Scan Indicator, a SONAR instrument that displays the range and bearing of an
acoustic return within the beam of a directive transducer.

2. The science and technology of this report is currently well known in underwater
acoustics.

3. Reference (a) was declassified by reference (b).

4. Based on the above, it is recommended that reference (a) be released with no

restrictions.
g ~“BURTON G. HURDLE
Acoustics Division
CONCUR:
gzmngﬁwgﬂ%/
EDWARD R. FRANCHI Date
Superintendent

Acoustics Division

OPTIONAL FORM NO. 19
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